Background. 
Introduction
Great strides in reducing hunger through increases in cereal productivity have been made worldwide [1] , but a 2003 report from the Food and Agriculture Organization (FAO) indicated that although there was a relative decline between 1970 and 1995 in the number of hungry people in developing countries, some 840 million people remained chronically underfed [2] . During the same period, there was also a significant drop globally in the number of malnourished children [3] , although in sub-Saharan Africa the number of malnourished children actually increased from 18.5 million to 32.7 million. In the light of such statistics, there is a need for a new approach to the global problems of hunger and malnutrition if the first of the Millennium Development Goals-halving poverty and hunger by 2015-is to be achieved.
In earlier years, the widespread availability of food calories resulting from increases in cereal productivity was critical for the rapid decline in the number of hungry people, particularly in developing countries.
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However, today the availability of high-energy cereal staples is implicated in the nutrition transition phenomenon [4, 5] -the emergence of simplified diets, lack of dietary diversity, and attendant health consequences, such as obesity and hypertension. Thus, hunger and malnutrition coexist today with obesity and obesity-related cardiovascular and degenerative diseases. In the Caribbean Islands [4] and in several developing countries [6] , the change in dietary patterns is a major cause of an "obesity epidemic" and its associated changes in disease patterns. Thus, several developing countries now face the double challenge of undernutrition and overnutrition [6] .
The narrowing of the food base is a global phenomenon [7] [8] [9] . However, of the more than 80,000 plant species available to humans, only three (maize, wheat, and rice) supply the bulk of our protein and energy needs. As a result of this overdependence on too few species, many food plants have been forgotten or neglected, while others require more research on their potential to contribute macro-and micronutrients to the diets of some populations. Nonetheless, Grivetti and Ogle [10] argue that a significant number of these neglected food plants are still important for meeting the macro-and micronutrient needs of developing country populations in particular. These resources are indispensable in reversing what Demment and colleagues [5] describe as a poverty-micronutrientmalnutrition trap in developing countries. The vital role these neglected indigenous food plants play in the traditional food systems of developing countries was emphasized earlier in the World Declaration and Plan of Action for Nutrition adopted at the 1992 International Conference on Nutrition [11] . The Declaration recommended the promotion of dietary diversity and the use of locally available nutrient-rich indigenous and traditional foods as a vital strategy against food insecurity, malnutrition, and disease.
The joint recommendation from the World Health Organization (WHO) and FAO [12] on diet, nutrition, and the prevention of chronic diseases and the more recent recommendation on increased consumption of fruit and vegetables for health [13] , reaffirm the urgent need for a global change to dietary diversification. For populations in developing countries, this strategy would entail a significant move toward the greater use of local biodiversity, which engenders good nutrition and ensures diverse and balanced diets. The International Plant Genetic Resources Institute (IPGRI) proposes a new kind of intervention-a mobilization of indigenous and traditional food resources to ensure food security and improved health in the developing world. This strategy contrasts with the single-nutrient interventions that have characterized global food and nutrition intervention programs. This paper considers the use of agricultural biodiversity to improve dietary diversity within the context of other nutrition interventions and to change global patterns of diet and disease. It emphasizes the contributions of nutrients and biologically active non-nutrients in cultivated and wild plants to healthy diets and discusses scientific issues important for further assessing and optimizing this potential. The paper also outlines IPGRI's efforts and experience in building the evidence base linking biodiversity and nutrition, and finally it summarizes components of the suggested strategy in policy and practice.
Previous global nutrition interventions
Nutrition interventions in developing countries can be described as piecemeal, fragmented, and single-nutrient-oriented. This approach may in part be attributed to a lack of knowledge in earlier years of the interactions among nutrients in human physiology and metabolism. Thus, from the report of kwashiorkor by Cicely Williams [14] and the various recommendations for high-protein diets [15, 16] and later for high-carbohydrate diets [17] [18] [19] , to more recent efforts directed at the elimination of micronutrient deficiencies [20] [21] [22] , attention generally concentrated on a single nutrient at a time.
The adverse effects of deficiencies of iodine, iron, vitamin A, and other micronutrients gained prominence as more sensitive assay techniques and better epidemiologic tools became available. The roles of micronutrients in health and well-being and the synergies in their physiologic functions are now being increasingly recognized, supporting the notion that micronutrient deficiencies rarely occur in isolation and calling for dietary diversification and nutritional interventions to be food based [11] .
Dietary diversity interventions
In recent years, a limited number of successful dietary diversification interventions against vitamin A deficiency have been reported. In Bangladesh [23] , a homestead gardening program promoted increased production and consumption of β-carotene-rich fruits and vegetables and achieved a 60% increase in consumption by participating households. A similar project in India [24] also achieved increased consumption of β-carotene-rich vegetables among participating households, with 40% of these households selling their excess produce. Likewise, in Tanzania [25] , a combined program of home gardening and nutrition education resulted in a 66% increase in the production of β-carotene-rich fruits and vegetables and a commensurate increase in daily consumption of these fruits and vegetables by the children in the intervention households. Although these latest intervention strategies are food
based, it is of note that they are all designed to address only the problem of vitamin A deficiency.
Although it is generally believed that poverty is a major determinant of nutritional deficiency [26] , farming system interventions have not effectively documented the way in which the use of indigenous crops by poor communities can simultaneously achieve the outcomes of micronutrient adequacy, poverty reduction, and biodiversity conservation. Studies linking income generation and conservation [27] typically do not include a nutritional assessment component. Attempts at promoting dietary diversification, particularly with the active involvement of women [28, 29] , that have been found effective in controlled pilotstudy settings have rarely been scaled up to community levels. Thus, in spite of ample evidence for the positive nutritional and health impacts of dietary diversification, there has been some degree of resistance to large-scale implementation of such types of programs. Underwood [30] cites lack of political commitment as partly responsible for the underutilization of available local food resources as a solution to an identifiable problem. However, Ruel and Levin [31] argue that the lack of direct scientific evidence for the effectiveness of dietary diversification strategies poses serious impediments to making a convincing case in support of large-scale implementation programs. Nevertheless, Kuhnlein [32] affirms that dietary diversification offers the best option for long-term sustainability of food resources in communities. This is especially true when traditional knowledge and sociocultural values are nurtured and a community embraces the targeted behavioral changes.
Changes in dietary patterns and their consequences
Changes in food habits have long been reported to reduce dietary diversity among developing country populations [9, 33] . Furthermore, warnings and reports about the nutritional consequences of the change to simplified diets and the dependence on cereals and cereal products are not new [34, 35] . Delgado and Rearden [35] implicated urbanization and changing lifestyles in changing dietary patterns. With urbanization come changes in employment patterns, particularly for women, which increase the opportunity cost of women's time due to involvement in hired labor or self-employment away from home. The absence of women from their homes for a large portion of the day leads to replacement of traditional foods by "convenience" foods, the most popular being easy-toprepare cereals such as rice. Welch and Graham [1] reported that since 1970 cereal production in South Asia has increased by more than four times, while the production of micronutrient-rich pulses has declined by approximately 20%. As per capita energy intake has increased, iron intake has declined and the incidence of iron-deficiency anemia has increased.
Locally available indigenous and traditional foods are replaced in the diet by crops such as maize, wheat, rice, and potatoes. Smith [36] reported that in West Africa indigenous foods such as cereals in particular generally require some form of processing before their final use in food preparation. Traditional food-processing techniques are tedious and time consuming, and many traditional meals involve lengthy preparation and cooking. Nutrient-rich sorghum, millet, and hungry rice (Digitaria exilis), for example, take more time to prepare than the preprocessed exotic rice that is readily available in local markets. Thus, more and more African women who seek to increase the family income by working outside the home resort to easy-to-cook rice in preference to indigenous foods.
Other factors have contributed to the move from diversified to simplified diets. Johns [37] observed that high-input agriculture, reduced transportation costs, and agricultural subsidies have combined to make refined carbohydrates (wheat, rice, and sugar) cheaper than ever in cities of the developing world. Here fried "street foods" are often the most important dietary item for many poor people. Documentary evidence for such changes is sporadic [37] but can be seen in snapshots of national dietary patterns such as those in Kenya and Senegal, where there has been a shift away from locally important cereals, such as millets, which are known to be better than other cereals, such as maize and rice, for the regulation of blood glucose levels and are also high in iron [37] . In Kenya, there has been a drop in the average intake of pulses and legumes that almost exactly mirrors the increase in daily energy requirements supplied by fats and oils. A similar pattern is observed in Senegal, where oils and fats contributed 20% of daily energy requirements in 1998, up from 8% in 1963. Reports from the Caribbean [4] also implicate the increased availability of dietary fats and sugars in the transition to simplified diets. An irony of the nutrition transition is that it is linked to globalization through trade and the influence of Western culture at a time when medical science is beginning to question the wisdom of the energy-rich diet of affluence. In the developing world, people gravitate to fashionable "modern" foods while abandoning traditional diets that are considered a sign of backwardness and poverty. Ironically, in industrial societies people increasingly look to traditional diets such as those of East Asia and the Mediterranean as embodiments of good nutrition for health.
Health benefits of biodiversity and the consequences of changes in dietary composition
The consequences of the nutrition transition from pulses, fruits, and vegetables to simplified diets devoid of micronutrients and non-nutrient bioactive protective components pose enormous health and development challenges. The cumulative effects of micronutrient malnutrition established early in life limit educational progress, work productivity, and life expectancy [5] . At the population level, the ability of people to participate in economic activities is reduced, and this situation is further complicated and worsened by the burden on national health systems of the pandemic of obesity coexisting with malnutrition [4, 6] .
The well-known effects of micronutrient deficiencies-in particular of vitamin A, iron, and zinc [21, 22, [38] [39] [40] -are increasingly being linked to the lack of dietary diversity [10, 24, 41, 42] . Dietary shifts that characterize urban and periurban communities now extend to rural communities. For populations in rural areas, this shift to processed cereal-based diets similar to those of industrial countries represents a breakdown in the traditional food systems and safety nets. Lowering the intake of green and yellow vegetables and fruits also results in a reduction of the physiological benefits of non-nutrient phytochemicals. Epidemiologic evidence links intakes of carotenoids and other dietary polyphenols, for example, with reduced cancer risks [43] [44] [45] [46] , and their antioxidant properties may protect against other chronic diseases such as cardiovascular disease, diabetes, macular degeneration, and neurodegenerative disorders [47] [48] [49] [50] [51] .
Johns and colleagues [52] noted that the important roles played by plant sterols, omega-3 fatty acids, and other dietary components in reducing diseases have been established largely through the initial study of traditional diets that are associated with longevity and good health. For example, Maasai pastoralists routinely eat almost double the recommended amounts of animal fats and consume more than 25 plant products that contain antioxidants more powerful than the well-known vitamins C and E. This dietary pattern is reflected in a low incidence of cardiovascular diseases in this population.
Functional health benefits are likely factors in the observed lower risk of mortality in older women, as well as greater longevity and reduced incidences of cardiovascular disease, diabetes, and cancer among subjects who consume more diverse diets, as reported in prospective epidemiologic studies in the United States [51, 53] . Similar findings reported from other parts of the world [54, 55] provide convincing evidence of the nutrition and health benefits of dietary diversity.
A new kind of intervention: Mobilizing agricultural biodiversity to ensure dietary diversity
Although there has been a relative shift in food and nutrition intervention strategies from targeted onenutrient supplementation to food-based approaches, the bulk of these food-based interventions are in effect aimed at the alleviation of vitamin A deficiency and, to a lesser extent, iron deficiency. In view of current knowledge of synergies in the physiologic functions of nutrients, the focus of interventions needs to be on improving overall diet quality while at the same time improving the well-being of rural and urban populations. This new kind of intervention thus aims to employ agricultural biodiversity as a primary resource for food security and health. It entails the revitalization and mobilization of indigenous and traditional food systems and a reintroduction into diets of indigenous staples and nonstaples known to be rich sources of micronutrients and non-nutrient bioactive phytochemicals. A food-systems approach that supports the production and consumption of agricultural biodiversity would involve components such as agricultural extension, promotion, and marketing; nutrition education; and policy development.
Enhancing the knowledge base on traditional foods
Clearly, for this strategy to succeed, knowledge of the foods that are part of the traditional food systems is imperative. One of the root causes of the poor results that are often reported with food-based interventions is lack of knowledge about available indigenous and traditional foods. There is a dearth of taxonomic and nutritional information on these foods, and therefore they are hardly considered by international agencies in global food and nutrition initiatives. Delisle and colleagues [56] lamented the disheartening lack of knowledge of plant sources of β-carotene among decision makers and health workers in the field. The general ignorance of the nature and use of these nutrient-rich and health-protecting indigenous and traditional foods has resulted in their being left out of most local strategies to solve problems of food security and nutrition among rural populations.
Making use of indigenous knowledge
Farmers, however, have the knowledge. There is evidence that indigenous communities recognize the health benefits of some of these food crops that are part of their traditional food systems. They are well aware of cultivar-specific differences in agronomic and dietary attributes [57, 58] , and they often describe certain cultivars or indigenous varieties as having particular nutritional or therapeutic value. Ethiopian farmers have identified at least three indigenous varieties of sorghum that contain about 30% more protein and 50% to 60% more lysine than other varieties [58] . The farmers recognize these varieties as valuable for sick children and nursing mothers. The Luo people of western Kenya recognize the nutritional and therapeutic properties of indigenous leafy vegetables [59] . Solanum nigrum is an important component of the traditional diet in this community, but it is also consumed to protect against gastrointestinal disturbances caused by the protozoan parasite Giardia lamblia. With its traditional involvement in farmer-participatory variety selection, IPGRI is well placed to combine this type of indigenous knowledge with new technology to advance the selection and mainstreaming of indigenous and traditional foods. However, for these food crops to be mobilized and mainstreamed into global food systems, there are obvious agronomic, taxonomic, and nutritional analytical challenges, as well as an imperative to identify ideal ways in which to quantify the nutritional and health benefits of dietary diversity.
Need for more information and nutrition education on local biodiversity
The pressing need for information on indigenous foods is reflected by the persistent calls of nutritionists, food scientists, and health workers [60] [61] [62] [63] [64] for these much-needed data to be made available. As noted by McBurney and colleagues [60] , if "wild" food plants are to be utilized to enhance dietary diversification and food security, sound empirical data must be available to researchers and program implementers. Published research on indigenous food plants requires correct taxonomic identification, chemical analysis, and nutritional data; otherwise, the results cannot be interpreted correctly and fully.
Information, education, and communication strategies and the social marketing of programs and products have been found to be indispensable components of successful micronutrient intervention programs [23-25, 28, 29] . A Tanzanian nutrition intervention project [28] found that nutrition education had a greater effect on the main nutrition outcome than the primary strategy of provision of solar dryers for processing β-carotene-rich fruits and vegetables. Through information and culturally applicable nutrition education, community mobilization has the important effect of raising awareness of the links among local food diversity, nutrition, and health by community members. Commenting on the Tanzanian study, UNICEF [65] noted that the success achieved in reducing infant malnutrition in the community suggests that an overall lack of food was not the major cause. The program did not increase the production or availability of basic foods; what it did was to increase awareness of available food resources and empower communities to make good use of local biodiversity.
Growing attention to the value of agricultural biodiversity in diets
Scientific data are emerging on the nutrient and nonnutrient bioactive attributes of some indigenous foods, and there has also been a fresh look at previously available but ignored data on the nutritional composition of some of these foods. Data from Mauritius [64, 66] , Micronesia [67] , and parts of Africa [67] [68] [69] are now beginning to show the immense nutritional properties of indigenous and traditional foods.
For a long time, indigenous leafy vegetables were not considered good dietary sources of micronutrients, but with the increased understanding of nutrient-nutrient interactions [52, 70] , they are now being acknowledged as providing significant amounts of vitamins and minerals in traditional diets. In addition to supplying a sizable proportion of the minerals in daily diets (table 1), African leafy vegetables can also contribute significantly to daily requirements of vitamin A (table 2). Recent reports [69] show that these vegetables contain significant amounts of antioxidants, even after undergoing the traditional processing technique of drying. Data are also available on the phenolic content and antioxidant activities of some indigenous sorghum cultivars ( fig. 1) .
Like leafy vegetables, food condiments and spices are indispensable components of African diets. Spices have recently been reported to have antioxidant and insulinmodulating properties [74, 75] . Kelble [74] reported that antioxidant activity is a common denominator among the spices studied, and the phytochemicals present improve insulin activity. Srinivasan [75] reviewed not only the antidiabetic influence of spices but also their anti-inflammatory, antimutagenic, and anticarcinogenic potentials. There is a dearth of information on the nutritional and chemical properties of sauce condiments and spices used in sub-Saharan Africa, but the available data (table 3) indicate that their use on a daily basis, as is the custom in traditional African cuisine, could contribute to the daily intakes of iron, zinc, and calcium. It is thus heartening that many scientists are showing renewed interest in the identification and nutritional analysis of indigenous and traditional food plants [77] [78] [79] [80] [81] .
Assessing dietary diversity
In making the case for dietary diversity and health, conAgricultural biodiversity, nutrition, and health cerns arise about the definition of the best assessment tools for evaluating diversity in diets and nutritional outcomes. Two commonly used measures of dietary diversity are the food variety score, which estimates the number of food items consumed during a recording period, and the dietary diversity score, which estimates the number of food groups consumed. Both methods have measurement issues related to their use and interpretation in developing countries.
With regard to the food variety score, Kennedy [82] asked what constitutes variety and noted that variety in certain selected foods, such as energy-dense foods, may actually contribute to obesity. The definition of "variety" is relevant in sub-Saharan Africa and some other parts of the developing world where carbohydrate staples in the form of tubers and cereals form the bulk of dietary constituents. Can a meal of mixed carbohydrates, such as fried yams, sweet potatoes, and plantains, be described as diverse? Hatloy and colleagues [83] , however, reported that both the food variety score and the dietary diversity score adequately validated dietary diversity and nutrient adequacy, although in their comparison of the measures by regression analysis, they reported that the dietary diversity score was a stronger indicator of nutrient adequacy than the food variety score. Two other groups of researchers [55, 84] have also found the food variety score to be a sufficiently adequate measure of dietary diversity. In a recent study in Dakar, Senegal, Spigelski [85] showed that the food variety score derived from a simple seven-day food frequency questionnaire was a valid indicator and was superior to the dietary diversity score. Nevertheless Krebs-Smith and colleagues [86] believe that dietary diversity is best assessed by measuring intakes of foods from different major groups. However, deciding which food category falls into which group is a problem with the use of the dietary diversity score, and several groupings have been suggested [86, 87] According to Kant [87] , categorization of foods into groups would require publicly available databases in which the constituents of mixed foods were disaggregated. In sub-Saharan Africa, and probably in some other developing countries where many dietary constituents are not reflected in contemporary foodcomposition tables, there would be a need to determine which foods or groups of foods fall into which food category. The unavailability of food tables and databases in sub-Saharan Africa places serious constraints on the effectiveness of the dietary diversity score.
A study in Mali by Torheim and colleagues [88] underscores the effect of cultural dietary patterns on these measurement indices. Sauce condiments and spices are used in food preparation all over West Africa, but in the Mali study spices and sauce condiments were not included in the score. It could be argued that these items are used sparingly in food preparation. But how small is "sparingly," and what if the spices or condiments are used two or three times a day? Condiments are believed to contribute diversity and nutrients to daily diets (table 3). How then can variations in the way condiments are used in sub-Saharan Africa be reflected in the measure of dietary diversity? In a study on food variety and diversity scores as a measure of diet quality and nutritional outcomes in Burkina Faso, Savy and colleagues [89] classified condiments and spices as a separate group and found that the rate of their daily use was 100%. These researchers observed a clear and positive link between overall dietary quality and the nutritional status of the subjects in the study, and they confirmed that the dietary diversity score was a better index of diet quality. According to these researchers, the dietary diversity score provided more information to describe the type of diet and the nutritional quality, and the dietary diversity score was more significantly linked with anthropometric indices than was the food variety score. In a review of the subject, Ruel [90] suggested that many issues still need to be addressed to better identify changes or variations in dietary patterns of populations over time. Nonetheless, for subSaharan Africa in particular and for other developing countries, the consensus favors the use of the dietary diversity score to assess dietary diversity and nutritional outcomes, the need for more research to clarify the issues of food groups notwithstanding. However, the need may exist to have regionally different food groups that would make comparisons of regional studies and results easier to interpret. Also unresolved are the nature of the ideal intake assessment tool, the best reference period for the study of food intake (1-day, 3-day, or 7-day food frequency questionnaire versus 24-hour recall), and the importance of the quantity and frequency of food items consumed. The 24-hour recall method is commonly used for its ease and rapidity, but it fails to capture daily variation in dietary intakes, particularly in urban communities. A repeated 24-hour recall performed on the same subjects might provide information on dietary variability, whereas 24-hour recalls performed during the lean period and also during the season of plenty would provide far more valuable information on the seasonality of food intakes, particularly among rural populations. Spigelski [85] observed that a single 7-day food frequency questionnaire provided indicators of nutrient adequacy comparable to those provided by the food variety score and the dietary diversity score derived from three nonconsecutive 24-hour recalls conducted over a single season.
The study by Savy and colleagues [89] highlighted an interesting dietary pattern of the rural communities studied, where food preparation techniques were basically the same in the study population and included cereals (98.6% of meals), leafy vegetables (87.1% of meals), and condiments (100% of meals). The dietary diversity model developed and used in this study appears relevant for the subcontinent, and with modifications addressing the issues highlighted it holds considerable promise for studies on dietary diversity in sub-Saharan Africa.
Initiatives of the International Plant Genetic Resources Institute
IPGRI has set itself the strategic goal of deploying agricultural biodiversity to improve nutrition and livelihoods in rural and poor communities in developing countries. Its nascent program on dietary diversification focuses on revitalizing indigenous food systems and promoting the increased utilization of biodiversity for improved nutrition. IPGRI is well aware of the limited evidence base linking biodiversity, nutrition, and health in several developing countries. Starting with sub-Saharan Africa, it has therefore embarked on the development of research partnerships for the analysis of the nutrient and non-nutrient properties of indigenous and traditional foods and the compilation of an easily accessible database on the diversity of nutrients and bioactive compounds in traditional foods within and between food crop species, while at the same time continuing the dialogue with policy makers in the agriculture, health, and rural development sectors on the benefits of using agricultural biodiversity.
IPGRI is involved in two major projects to promote dietary diversity within traditional food systems. The ongoing International Development Research Centre (IDRC)-supported project aims to advance dietary diversification in Kenya, Senegal, Uganda, and Tanzania as a long-term sustainable strategy to address nutritional deficiencies and health problems associated with the emergence of simplified diets. Within these country projects, IPGRI has forged partnerships with international agricultural research centers, national agricultural research systems, universities, national and local government agencies, and community-based organizations in an effort to build and maintain the momentum and capacity to stem and reverse the erosion of agricultural and dietary diversity.
The second project on African leafy vegetables, in which IPGRI has had demonstrable success [91, 92] , targets the production and use of biodiversity. It focuses on increasing knowledge of the diversity of locally available leafy vegetables among communities in participating countries while making the vegetables available in forms that can be readily used by the communities. The program involves the documentation of indigenous knowledge and genetic diversity, as well as nutritional analysis, in order to establish a clear link between agricultural biodiversity and nutritional well-being. Detailed information on this program is available in the report by Oniang'o and colleagues [91] . The first phase of the program, involving scientists and development organizations from Botswana, Cameroon, Kenya, Senegal, and Zambia, provided baseline information on the species in common use, their genetic diversity, indigenous knowledge of the various uses of leafy vegetables, the significance of traditional vegetables in community diets, local vegetable production systems, and nutritional data on some of the identified cultivars. The results of this phase of the five-country project have been published [92] .
The second phase of the program focuses on enhancing the role of African leafy vegetables in improving food security, nutritional status, and livelihoods through improved processing and preparation methods, promotion of increased consumption through recipe development, improvement of indigenous varieties, and management of genetic diversity. Activities of this phase in Kenya in particular have included agronomic, nutritional, and taxonomic research on available cultivars, improved seed systems, improved handling and processing, and improved marketing systems for African leafy vegetables. In Kenya, the project has had a significant impact in raising the profile of African leafy vegetables, whose production is now a profitable venture, with women taking up the trade in addition to being major consumers. The Kenyan country project has significantly improved the livelihoods of farmers in the project areas by providing them with high-quality seeds and market opportunities in the informal and formal sectors. The appearance of African leafy vegetables in supermarkets in Nairobi has elevated their status among middle-and highincome consumers. Although no measurements were undertaken to ascertain the nutritional outcome of this program, it has succeeded in reintroducing indigenous leafy vegetables into the diets of consumers in Nairobi while at the same time increasing incomes for producer families. The program is, however, still ongoing, with a food-consumption survey currently documenting the consumption of traditional foods in the urban and periurban areas of Nairobi.
A strategy for agricultural biodiversity and nutrition
IPGRI and its partners are working to implement scale-up efforts in various regions around the world, encouraged by the gains already realized in small-scale and local pilot efforts. Making this approach work will require several different kinds of undertaking, including an evidence-based approach to nutrition and health and sustainable agriculture by small-scale farmers; the evaluation and use of local foods, food variety, and traditional cuisines; culturally sensitive methods; nutrition education; research on novel and improved methods of food storage and processing; and enhanced attention to marketing. The outcomes, too, are manifold and generally mutually reinforcing. They include better health, conservation of agricultural and wild biodiversity, reduced poverty and enhanced incomes, public education, and sound public policy.
In the conceptual representation in figure 2 , biodiversity, markets, and culture are all essential components of intact food systems that support the health and nutrition of populations, and they are in turn enhanced by a positive impact of biodiversity on nutrition. As noted by Johns and Sthapit [93] , "The model assumes that small-scale farmers can manage and use traditional agro-and wild biodiversity to comparative economic advantage on the premise that the products marketed are desired by, and offer nutritional and sociocultural benefits to (increasingly urban) consumers. Linking biodiversity and health is both a response to the consequences of economic growth and a way to direct growth in a positive manner."
Realization of the potential of agricultural diversity as part of healthy food systems will also depend on strengthening international and national policies. The need to integrate nutrition considerations beyond those of food security into agriculture, livestock, aquaculture, and related programs has been recognized by others [94] . The basis of the integration is that the food systems of target communities make use of a wide range of plant and animal resources as food. While research is compartmentalized, in the household food culture and consumption patterns these food resources are combined and interdependent. Thus issues of dietary diversity and related nutrition indicators must be integrated into a broader framework for suitable guidance of agricultural and poverty-reduction strategies targeted at providing access to adequate dietary variety to the vulnerable groups among both the urban and the rural poor. The Chennai Platform for Action for a Hunger and Poverty Free World [95] , adopted following an international consultation held in April 2005, of which IPGRI was a co-organizer, outlines a way forward. Similarly, IPGRI and the FAO in consultation with other interested organizations are collaborating with the Secretariat of the Convention on Biological Diversity in a Cross-cutting Initiative on Biodiversity for Food and Nutrition, as requested in Decision VII/32 of the Conference of the Parties (COP7) of the Convention.
In order to meet the objective of identifying and making use of available nutrient-rich indigenous and traditional food crops to help the world's poor and malnourished to diversify and thus improve their diet, there is a clear need for collaboration and coordination among the immensely varied scientific disciplines involved. The Alliance of Future Harvest Centres of the Consultative Group on International Agricultural Research (CGIAR) is well placed to contribute to the research that further sustainable development will need. The Alliance includes centers devoted to specific crops, for example, rice, wheat and potatoes. It also includes centers devoted to particular ecosystems, such as arid lands and forests, and centers devoted to more general issues, such as water, food policy, and, indeed, agricultural biodiversity. Working together with one another and with partners from national programs, international organizations, and the private sector, the centers can help communities and development agencies use agricultural biodiversity to meet the food security, nutrition, and health needs of poor communities in developing countries.
Conclusions
The approach to nutrition and biodiversity described here may seem complex, and in a world increasingly devoted to simple, technological fixes, that could be seen as a drawback. But although diversity is inherently complex, the interventions foreseen are essentially simple, though not simplistic.
The successes to date of IPGRI's nascent program on dietary diversification is evidence that agricultural biodiversity can be effectively mobilized as a primary resource for food security and health. However, to build and maintain the momentum and capacity to stem and reverse the erosion of agricultural and dietary diversity, there is need for investments in the revitalization and mobilization of indigenous and traditional food systems, the reintroduction of indigenous and traditional foods into dietary habits, and the provision of a strong evidence base linking agricultural biodiversity to nutrition, health, and improved well-being of developing country populations.
